Best
Therefore it may be concluded that the sympathicus is also a secretory nerve of the glands.
In the course of studies on the action of ganglion blocking agents upon the salivary secre tion in the dog (13) , the authors noticed some different effects of adrenaline and noradrenaline.
Systematic studies of the mode of the sympathetic innervation of salivary glands are planned, but in this report the studies on the secretory response of the submaxillary gland will be mainly described.
METHODS
Dogs, weighed 5 to 15 kg, under amytal sodium anesthesia (50 to 70 mg/kg intraperi toneal) fastened in a supine position. The tracheal cannula was inserted as usual. All the submaxillary, the sublingual and the parotid ducts were cannulated `Inoue (14)1, the right glands being used for experimental modifications and the left as a control. The saliva secreted was recorded on a kymograph by a drop recorder, electrically operated and the jet adjusted to deliver drops of 0.03 to 0.05 c.c.
The chorda tympani, Jacobson's nerve, cervical sympathetic and splanchnic nerves were prepared for stimulation when required (Inoue) . The square wave stimulus at an appropriate voltage to give a submaximal shock, pulse width usually 1 msec and frequency 10 cycle/sec was used. In some of the experiments the voltage of the stimulus was adjusted to prepare the salivary rate as desired. Arterial pressure was recorded from the femoral artery. Injections of chemical substances into the circulation were made intravenously into the femoral vein.
As sympathomimetic, l-adrenaline hydrochloride, dl-noradrenaline hydrochloride, l-ephe drine hydrochloride and cocaine hydrochloride ; as adrenolytics, priscol, dibenamine and chlor promazine ; as parasympathomimetics, acetylcholine chloride and pilocarpine hydrochloride ; as a parasympatholytic, atropine sulfate ; as a ganglion stimulating agent, nicotine sulfate ; as ganglion blocking agents, menisperine chloride, laurifoline chloride and hexamethonium bitartrate were used.
RESULTS

I. Spontaneous Salivary Secretion
In general the spontaneous flow of saliva could not be seen in any of the glands of the animals under amytal sodium anesthesia. Though rarely a few drops of saliva from the sub maxillary and the parotid glands were observed, the secretion did not continue over several minutes.
II. Responses of Salivary Glands to Electrical Stimulation of the Chorda Tympani or Jacobson's Nerve
Electrical stimulation of the chorda tympani or Jacobson's nerve evoked a considerable flow of saliva from each of the glands, the threshold intensity of the stimulus however varying considerably from one animal to another.
The supramaximal stimulation of the nerves in one side evoked occasionally 1 to 5 drops of saliva per 5 minutes from the control side, as was recognized by Babkin et al. (15) . Responding to a maximal stimulus of the chorda tympani, the sublingual gland produced only 1 to 2 drops of saliva per 5 minutes, which gradually decreased and stopped within 30 to 60 minutes in spite of the continued stimula tion. The response of the sublingual gland was also individually different and occasionally cases were observed in which the gland did not respond to any stimulus at all. The saliva secreted from the sublingual gland was intensely viscous and mucinous, while the saliva from the submaxillary gland less, and those from the parotid gland least. But the volume as well as the viscosity of the saliva varied remarkably according to each case. In general the saliva secreted in winter was less in volume and more viscous than that in summer. 
III. Responses of Salivary Glands to Electrical Stimulation of the Cervical Sympathetic Nerve
The sublingual gland did not usually respond to electrical stimulation of the cervical sympathetic nerve. But a considerable flow of saliva was induced by the same procedure from the submaxillary and the parotid glands. The saliva thus obtained, was less in volume and more viscous as compared with the saliva obtained by stimulation of the chorda tympani. The response of both glands was subjected to much individual variation. The glands which secreted more viscous saliva in response to stimulation of the chorda tympani, often did not respond to cervical sympathetic stimulation, particularly in winter. But usually it was ob served that in response to continued repetitive stimulation of the cervical sympathetic nerve, 2 to 3 drops per minute of submaxillary saliva were secreted, which decreased gradually and within 5 to 10 minutes ceased (Fig. 1 IV. Responses of the Salivary Gland to Adrenaline, Noradrenaline and Ephedrine
The administration of adrenaline, noradrenaline and ephedrine evoked a viscous salivation in the submaxillary and the parotid glands, but not in the sublingual gland. The response to the drugs was also subjected to a considerable individual variation. The amounts of ad renaline or noradrenaline to cause a salivary secretion of over 1 to 2 drops per minute were above 2.5 to 5 7/kg. Ten 7/kg of adrenaline showed only a temporary secretion with a dura tion of under 5 minutes, which exhibited a marked difference from the. action of pilocarpine.
Particularly in winter even with doses of 10 to 20 7-/kg, adrenaline evoked only a slight or no secretion from the submaxillary gland.
Repeated administration of 10 -r/kg of adrenaline at an interval of 15 to 20 minutes depressed the submaxillary secretion, and in the course of 3 to 4 repeated injections the erect was en feebled and finally ceased (Fig. 2) . The effect was more marked in the sub maxillary gland than in the parotid gland. The blood pressure elevating action of adrenaline, however, appeared unchanged even with repeated adminis trations. The secretory action of noradrenaline was similar to that of adrenaline qualitatively, although quantitatively weaker. The secretory response of the submaxillary gland to 10 -r/kg of adrenaline corresponded with the response to 20 r/kg of noradrenaline. The response of the same gland to 500 r/kg of ephedrine was slightly weaker than the response to 10 r/kg of adrenaline.
The course of the secretory effect of adrenaline or noradrenaline ran parallel to the rise of blood pressure. The amounts of both amines which caused no rise of blood pressure, did not evoke any salivary secretion. The peak of the secretion was in agreement with the maximal rise of blood pressure, or appeared slightly retarded .
V. Effect of Stimulation of the Cervical Sympathetic Nerve on Salivary Secretion Induced by Stimulation of the Chorda Tympani
During a uniform submaxillary secretion, attained by stimulation of the chorda tympani, the cervical sympathetic nerve was stimulated.
The effects in these cases were classified in 3 types as illustrated in Fig. 3 . 1) Weak stimulation ; during stimulation of the sympathetic nerve the rate of salivary flow was augmented, but soon after interruption of the stimulus the augmenting effect disappeared. 2) Submaximal stimulation ; during the stimulation the rate of secretion was augmented at first but gradually decreased there. Both effects disap peared soon after the interruption of the stimulus. 3) Maximal or supramaximal stimula tion ; first a temporary augmentation, and then a sudden depression or ceasing of secretion which continued for a while after the interruption of the stimulus was observed. The response to the cervical sympathetic stimulation was also subjected to a good deal of individual varia tion. Particularly in winter the depressive effect by this procedure was marked. The depres sive effect by the cervical sympathetic stimulation varied according to the intensity of the stimulus applied on the chorda tympani. The weaker the intensity of the stimulus on the chorda tympani, the stronger the depression on the salivary secretion. Moreover the gland which secreted a small volume of viscous saliva was easily affected. The repeated administration of adrenaline or noradrenaline at an interval of 10 to 20 minutes depressed the augmentative effect of the drugs on secretion, while potentiating the depressive effect similarly to the effect of stimulation of the cervical sympathetic nerve.
VII. FJect of Splanchnic Nerve Stimulation on Submaxillary Secretion
Induced by Stimulation of the Chorda Tympani
The peripheral end of the severed splanchnic nerve was stimulated, the intensity of the stimulus being sufficient to induce a considerable rise of blood pressure. In this case the sub maxillary secretion induced by stimulation of the chorda tympani was markedly depressed c) Chlorpromazine Chlorpromazine also depressed the salivary secretion induced by stimulation of the chorda tympani. The response of the gland to chlorpromazine was subjected to a good deal of individual variation. In the more sensitive animal 1 7-/kg of the drug depressed the secre tion for a long period (Fig. 7) . The depressive effect of such a small dose on the rate of secretion was weak, but the effect continued comparatively longer. Five to ten r/kg of nicotine did not affect the salivary response of the submaxillary gland to adrenaline, noradrenaline or to cervical sympathetic stimulation. Nicotine also , augmented first and then depressed gradually the submaxillary secretion induced by stimulation of the chorda tympani (Fig. 8) . The response to nicotine was subjected to a good deal of individual variation.
The sensitive gland which secreted a viscous saliva showed a pronounced depres sive response to 1 to 2 r/kg of nicotine. The blocking effect by 10 r/kg of nicotine was restored suddenly within 20 to 30 minutes after the administration of the drug. 
XII. Response of the Salivary Gland to Pilocarpine
Pilocarpine evoked a profuse salivary secretion from the submaxillary and the parotid glands, while only a scanty secretion from the sublingual gland. Though the response to pilocarpine was subjected to a large individual variation, the response was less effective in winter than in summer. The threshold dose of the drug to evoke a submaxillary secretion was usually 5 to 10 -,/kg. The saliva thus secreted was clear and not very viscous, but moree than the saliva secreted by stimulation of the chorda tympani. In the course of secretion the saliva became more and more viscous in relation to the reduction of secretion. The secretory response of the parotid gland to pilocarpine was usually less than that of the submaxillary gland. Repeated administration of the drug at an interval of over 30 minutes exhibited almost similar, occasionally, however, a stronger effect on the submaxillary and the parotid secretion.
XIII. Effect of Pilocarpine on Salivary Secretion Induced by Stimulation of the Chorda Tympani
Pilocarpine augmented the submaxillary secretion induced by stimulation of the chorda tympani. The threshold dose was 2.5 to 5 r/kg. In the course of recovery from the secretion potentiating effect of a moderate dose of pilocarpine, it was often observed that for a while the salivary secretion was more depressed than before the injection of the drug and then gradually recovered normal secretion. This depressive effect on the secretion was more marked with larger doses of the drug. The saliva secreted in the depressive phase of action was in general more viscous than before.
The parotid secretion induced by the stimulation of Jacobson's nerve was similarly affected by pilocarpine as the submaxillary secretion. The sublingual secretion was also augmented by pilocarpine, but not so marked as in case of submaxillary gland.
XIV. Effect of Cervical Sympathetic Stimulation on the Response of the Submaxillary Gland to Pilocarpine
During continued stimulation of the cervical sympathetic nerve the response of the sub maxillary gland to pilocarpine was always depressed. The stronger was the stimulus applied, the more marked depression on the action of pilocarpine was observed. A similar effect was obtained in the experiment in which the splanchnic nerve was stimulated.
XV. Effect of Adrenaline, or Noradrenaline on the Response of the Submaxillary Gland to Pilocarpine
The response of the gland to 20 r/kg of pilocarpine was compared before and after the administration of adrenaline or noradrenaline in various amounts. The result revealed that both amines depressed the response of the gland to pilocarpine. But in some of the animals the response of the parotid gland to pilocarpine was potentiated by both amines. This evidence indicated the difference of the response of the parotid gland from that of the submaxillary gland.
The depressive effect of adrenaline on the secretory action of pilocarpine was 2 to 3 times stronger than that of noradrenaline.
To confirm the above results, the response of the submaxillary gland to 20 r/kg of pilo carpine during continuous infusion of adrenaline or noradrenaline (0.15 r/kg/min) in a phy siological saline solution was compared with the control, and it was observed that the secretory effect of pilocarpine was gradually depressed and at last abolished under the infusion of adre naline or noradrenaline for 30 minutes (Fig. 9) FIG. 9. Effect of the continuous infusion of pilocarpine 15 -,/kg/min on the response of the submaxillary gland to cervical sympathetic stimulation. Square wave stimuli : intensity submaximal, frequency 10 /sec, duration I cosec
On the other hand, the response of the gland to adrenaline or to cervical sympathetic stimulation during the submaxillary secretion induced by continuous infusion of pilocarpine (15 r/kg/min) was compared with control, and it was proved that the above mentioned aug mentative effect of adrenaline or cervical sympathetic stimulation on the salivary secretion was increasingly, while the depressive effect was decreasingly affected as illustrated in Fig. 10 . Chlorpromazine exhibited the strongest action and its effect continued longest. Priscol was 2 times stronger than dibenamine, but both drugs showed no marked difference in duration of their action.
XVIL E ffect of Nicotine on the Response of the Submaxillary Gland to Pilocarpine
The secretory response of the submaxillary gland to 30 to 50 r/kg of pilocarpine was also depressed or almost abolished by over 10 r/kg of nicotine.
XVIII. Effect of Sympathetic Denervation on the Response of the Submaxillary Gland to Adrenaline or Noradrenaline
The right superior cervical ganglion was aseptically extirpated and 10 to 14 days allowed to ellapse to assure the denervation of the salivary gland. Then, the action of adrenaline or noradrenaline was investigated, the left gland being used as a control. The secretory responses of the denervated submaxillary and parotid glands to both drugs were always markedly stronger than that of the control glands (Fig. 11) . It was noticed, however, that the secretory The uniform rates of the bilateral submaxillary secretion in response to stimulation of the chorda tympani was augmented at first and then gradually depressed in response to 5 -r/kg of adrenaline or noradrenaline. Both effects always revealed stronger on the denervated structures. The augmentative and depressive effects of adrenaline were stronger than that of noradrenaline in both directions. Moreover, the secretory response of the gland to pilocar pine and the depressive effect of adrenaline on the action of pilocarpine was stronger in the denervated structures.
DISCUSSION
It is beyond question to doubt that the secretion from the salivary glands in dog is evoked in response to cholinergic impulses.
The experimental evidences, that stimulation of the chorda tympani and Jacobson's nerve evoked a watery and slightly viscous saliva , that parasympa thomimetics such as acetylcholine or pilocarpine, and the cholinesterase inhibitors such as eserine or prostigmine evoked a similar response of the glands and these responses to the drugs were depressed or abolished by atropine, support the cholinergic character of the secretory nerve of the salivary glands. According to anatomical evidence there is no doubt that the chorda tympani or Jacobson's nerve consists of one kind of nerve fiber . Further the result of the experiment here showing that after a large dose of atropine , electrical stimuli applied to the nerve did not evoke a salivary flow, offers supplementary evidence.
Secker (16), Feldberg and Guimaris (17) found that stimulation of the cervical sympa thetic nerve evoked a submaxillary secretion in the cat . Rosenblueth (18) also confirmed these results. Cattell showed that the secretory impulses through the sympathetic nerve was transmitted by adrenergic substances. In this experiment also , cervical sympathetic stimula tion evoked a salivary flow from the submaxillary and parotid glands . The saliva thus secreted was more viscous compared with the saliva induced by stimulation of the chorda tympani. When the repetitive stimulation of the cervical sympathetic nerve was continued the salivary secretion gradually decreased and finally ceased , while the stimulating effects on the nictitating membrane and the pupil were not modified . Further the stimulation of the cervical sympathetic nerve, repeated at an interval of 20 to 30 minutes , caused similar sali vary responses of the glands as in case of the continued stimulation .
From these results it was supposed that the cervical sympathetic stimulation exerts an effect on both the prosecretory and antisecretory mechanism of the salivary gland , and the abolishment of the secretory response of the gland in response to continued or repeated sti mulation of the cervical sympathetic nerve was owing to an additional depressive effect or an overwhelming effect of the depressive mechanism.
Our results showing that adrenaline or noradrenaline , doses of 5 to 10 y/kg, evoked sub maxillary and parotid secretion agreed with that of Langley , Emmelin and Muren (19) who investigated the same in the dog and cat. However the repeated administration of these drugs at an interval of 20 minutes depressed the secretory response of the gland and at last abolished it, as in case of the continued or repeated stimulation of the cervical sympathetic nerve.
The secretory response of the submaxillary or parotid glands to adrenaline or to noradre naline ran parallel to the rise of blood pressure recorded simultaneously , while the stimula tion of the cervical sympathetic nerve induced only a slight change of blood pressure . The secretory response to both amines was none or least in the cases when blood pressure did not rise .
Also, large doses of adrenolytics, such as dibenamine, priscol or chlorpromazine that reversed the blood pressure elevating action of adrenaline or noradrenaline or to the cervical sympathetic stimulation, abolished the secretory response of the glands to the same procedures .
Consequently it was supposed that the secretory effect induced by adrenaline or noradrenaline and by the cervical sympathetic stimulation were accelerated by the rise of blood pressure or otherwise resulted from the permeability change in the capillaries of the gland . The depressive effect on salivary secretion was the greater, the stronger the intensity of the stimuli applied on the sympathetic nerve was or the larger the dose of the drugs ad ministered, while the augmentative effect was depressed by these procedures. Although the depressive response of the submaxillary gland to adrenaline or to the sympathetic stimula tion varied individually, the sensitive animal responded always to a small dose of adrenaline such as 0.1 r/kg. The depressive action of adrenaline was 2.5 to 5 times stronger than that of atropine. The depressive effect of 5 r/kg of adrenaline continued for 60 to 90 minutes and thereafter recovered abruptly.
The secretory response of the gland to pilocarpine was also depressed or abolished during and after the stimulation of the cervical sympathetic or splanchnic nerve as well as the ad ministration of adrenaline or noradrenaline in doses which depressed the secretion in response to stimulation of the chorda tympani.
The effects of such sympathomimetics as cocaine or ephedrine, and such adrenolytics as dibenamine, priscol or chlorpromazine were investigated.
These drugs also depressed the cholinergic salivary secretion in very small doses. The threshold doses to depress the salivary secretion induced by the stimulation of the chorda tympani were for cocaine and ephedrine 20 to 50 r/kg, for dibenamine 2 to 5 mg/kg, for priscol 1 to 2 mg/kg and for chlorpromazine 0.5 to 1.0 r/kg.
To elucidate the mechanism of the depressive effect of the above drugs, the effects of these drugs on the response of the glands to cervical sympathetic stimulation and to adre naline or noradrenaline were investigated. The secretory response of the gland to the above adrenergic stimulation was depressed or abolished after adrenolytics but was potentiated after sympathomimetics in doses which depressed the cholinergic salivary secretion, while the depres sive effects were markedly potentiated not only by sympathomimetics but also by adrenolytics. The depressive effects of these drugs were not marked in experiments in winter, but the potentiating effects were manifested stronger in winter than in summer. The hypothesis of Gaddum (20) and Philpot (21) that cocaine or ephedrine inhibited the activity of amine oxidase, might be applied to elucidate the mechanism of action of the drugs. Furthermore the direct action of the drugs on the salivary secretion could not be excluded, especially in large doses. Nicotine revealed a similar but far stronger effect as compared to ephedrine.
The mechanism of the action of nicotine might be due to the discharge of adrenaline from the sympathetic ganglia including adrenal or due to its direct action on the glands, as The results that dibenamine in adrenolytic dose depressed the secretory response of the submexillary gland to the stimulation of the cervical sympathetic nerve and to adrenaline or noradrenaline, was first mentioned by Nickerson and Goodman (24) , and is in agreement with the result of this experiment.
Not only dibenamine but also priscol or chrolpromazine in doses which depressed the salivary secretion, potentiated the depressive effect of the cervical sympathetic stimulation and of adrenaline or noradredaline. The depressive effect of adreno lytics on the adrenergic salivary secretion might be due, as stated by Nickerson and Goodman, to the adrenolytic action on the blood pressure. But the potentiating effect of the adreno lytics on the depressive response of the cholinergic stimulated gland to adrenaline, noradre naline and to cervical sympathetic stimulation could be regarded not as adrenolytic effects of the drugs but rather as a direct action of them.
Because at first the potentiating effect of adrenolytics manifested in doses which could not induce an adrenolytic action on the blood pressure, and secondarily the drugs themselves caused a depressive effect on the cholinergic salivary secretion. In this respect it was interesting to note that some of the derivatives of chlorpromazine which revealed a potent sympathomimetic effect on blood pressure, mani fested a strong depressive effect on the cholinergic salivary secretion in comparison to chlor promazine (25) .
From those points of view, it was concluded that the salivary flow induced by stimula tion of the cervical sympathetic nerve and by adrenaline or noradrenaline was reduced to the circulatory change in the gland and that the same mechanism also depressed the salivary flow induced by cholinergic stimulation. But the question of whether the depressive effect of the procedure on secretion was derived from the direct or the indirect action of adrenaline or noradrenaline remained to be settled.
To solve the above question the effect of adrenaline or noradrenaline on the denervated submaxillary gland, the superior cervical ganglion having been extirpated 10 to 14 days previously, was studied. The results were as expected in that as both the pro and anti secretory effects of both amimes were always stronger on the denervated gland that on the normal gland.
In summary, adrenaline, noradreline or cervical sympathetic stimulation elicits a weak secretory and a potent depressive effect on the cholinergic submaxillary and parotid secre tion. Aid it may be supposed that the salivary secretion of both glands are regulated hor monally by sympathin circulating in blood stream, as Best and Taylor suggested.
The other evidence obtained in the experiments was as follows : The responses of the salivary glands to adrenergic and cholinergic stimuli differed markedly from one animal to the other. The secretory response of the sublingual gland to stimulation of the chorda tympani and to pilocarpine was much less than those of the submaxillary and the parotid glands.
The sublingual gland responded neither to stimulation of the cervical sympathetic nerve nor to adrenaline as well as noradrenaline.
Therefore the physiological significance of the sub lingual gland was not elucidated by the experiments.
The secretory response of the parotid gland was weaker to the cholinergic stimulation than that of the submaxillary gland.
The fact that the response of the sympathetically denervated submaxillary gland to nor adrenaline was always weaker than to adrenaline, revealed a striking contrast to the increased sensitivity of the denervated nictitating membrane to noradrenaline.
From the standpoint of the results in this experiment, the physiological significance of the _so-called paralytic secretion which appeared after cutting the chorda tympani give rise a discussion concerning the secretory effect of adrenaline or noradrenalin administered or cir culating in blood stream. In discussing the mechanism of the paralytic secretion, it is very interesting to note that the secretory response of the salivary gland to cholinergic stimuli ran parallel with the response of the glands to adrenergic stimuli.
Some of the evidence was cited to show that the secretory responses of the salivary glands were subjected to a seasonal changes. The glands of animals in winter showed a low sensitivity to cholinergic and adrenergic secretory stimuli, while a high sensitivity to such secretory depressive stimuli as sympathetic stimulation or to adrenaline or noradrenaline. The reverse tendencies of these effects were observed in summer. The saliva secreted in winter was comparatively viscous and mucinous in contrast to the saliva secreted in summer. 3. Ephedrine and cocaine, which showed a similar effect to adrenaline on the salivary secretion in large doses, potentiated the response of the gland to stimulation of the sympa thetic nerve and to adrenaline or noradrenaline.
4. Adrenolytics, such as dibenamine, priscol and chlorpromazine depressed the salivary response of the gland both to stimulation of the cervical sympathetic nerve and to adrenaline or noradrenaline and further to stimulation of the chorda tympani or to pilocarpine.
5. Nicotine potentiated the salivary response of the gland to stimulation of the cervical sympathetic nerve or to adrenaline or noradrenaline, but it depressed the same response of the gland to stimulation of the chorda tympani or to pilocarpine.
6. The salivary and the antisalivary response of the gland to adrenaline was always stronger than that of noradrenaline in the normal and also in the sympathetically denervated gland.
The responses of the denervated gland to both amines were stronger er than in the normal gland.
